We reproduce di-electron spectra in the region of 0 < + − < 4 GeV in both minimum bias and central Au+Au collisions at √ NN = 200 GeV measured by the STAR experiment. A cocktail simulation, incorporating STAR acceptance and detector responses, is able to describe the "enhancement" of the low mass region by including an in-medium modification of vector mesons and a thermal di-lepton calculation. We also predict the di-lepton mass spectra in RHIC lower energies via an extrapolation method. The evolution of Di-lepton mass spectra, effective temperature, and possible medium modifications versus colliding energies are studied to explore the QCD phase diagram. 
Introduction
The electromagnetic probes such as photons and dileptons do not participate in the strong interactions during the space-time evolution of the system created in heavy-ion collisions. Thus they contain the undistorted information of the hot-dense medium and hence are used as penetrating probes to study medium properties. We categorise the di-lepton mass spectrum, according to the production sources, into three regions: low mass (LMR, M < ∼ 1.1 GeV), intermediate mass (IMR, 1 1 < ∼ M < ∼ 2.9 GeV) and high mass region (HMR, M > ∼ 2.9 GeV)
In the LMR, di-leptons are mainly from vector meson de- * E-mail: ephy@ustc.edu.cn cays and may be sensitive to the in-medium production of the vector mesons and chiral symmetry restoration [1] . In the IMR, measurement of the di-lepton signals from the thermal emission of a QCD phase, with quasi free quarks and gluons, directly indicates the existence of the QuarkGluon Plasma (QGP) [2] . The thermal di-leptons from earlier QCD partonic phase with higher temperature may have different characteristics compared to those produced at a later stage, which includes the thermal emission from hadron gas and hadronic freeze-out. Thus studying their behaviors versus different colliding energies is considered as an ideal tool to trace the possible partonic-hadronic transition in the QCD phase diagram. In the experiments, it is challenging to measure thermal di-leptons due to dominant background sources from correlated heavy quark decays and other hadronic processes. It is crucial to understand how the background sources behave in a collid-ing energy scan. In particular, the possible medium modifications of the di-leptons from correlated heavy quark decays are of interest. In the HMR, di-leptons are mostly from quarkonia decays and the Drell-Yan process, which are not our interest in this topic.
In this paper we focus on the model calculations of dielectrons from vector meson decays, heavy quark dynamic correlations and thermal production. We compare our results with the recent STAR and NA60 measurements. The di-electron mass spectra, effective temperature, and possible medium modifications versus the energies of RHIC Beam Energy Scan (BES) are also discussed.
Di-electron production in Au+Au 200 GeV collisions
Di-electron signals mainly come from light flavor meson and correlated heavy flavor hadron decays. In the cocktail calculations, we use the Tsallis Blast-Wave functions [3] as the input T distributions of the mesons. The cocktails are later normalized to the N/ of the mesons from experiments [4, 5] . The production of Dalitz decays of π 0 , η and η (A → γ + − ) can be described by the KrollWada formula [6] :
is the electron mass, is the mass of electron pair, M is the parent hadron mass, F ( 2 ) is the electro-magnetic transition form factor, which is usually parameterized from experiments [7] . PS = 1 − ), the phase space term is more complicated due to finite mass of the product B:
Here, M A and M B are the mass of meson A and B, respectively.
For the freeze-out ρ 0 → + − with a decay branching ratio Γ 2 , we use a line shape as below:
Here Γ 0 = 149 MeV, PS is the Boltzmann phase space factor assuming T = 170 MeV [7] . Di-electrons from correlated heavy flavor decays ( ¯ → + − and ¯ → + − ) are simulated by PYTHIA calculations with a parameterization from STAR D-meson measurement [8] . The Drell-Yan contribution is negligible below ∼ 3 GeV. We assume that the phase space correlation of the + − products are randomly washed out due to the medium modification of the heavy quark hadrons. This results in a slightly steeper distribution of the mass spectrum, but the effect significantly changes the slope of the T distribution, which is discussed in Section 4. In addition we incorporate the in-medium modification of vector mesons, especially ρ 0 , from the hadronic many body effective theory with scatterings of vector mesons by surrounding mesons in the thermal medium 1 [9] . We also included the change of spectral function of ρ due to its interaction with baryons [10] . The production of thermal di-leptons ( ¯ → + − ) is calculated from a 2+1 dimensional ideal hydrodynamic model 1 [9] . In order to compare with data, all the sources are required in a STAR detector acceptance (|η| < 1, T > 0 2 GeV/ ) The electron momenta are smeared according to the detector resolution and bremsstrahlung energy loss [11] . Figure 1 shows that the cocktail distributions reproduce STAR measurements both in minimum bias and central Au+Au collisions at √ NN = 200 GeV [12] . The cocktail which incorporates the in-medium modification of mesons and thermal di-lepton contributions describes the low mass region rather reasonably.
Extrapolation to STAR BES energies
We applied the same technique for the RHIC lower BES energies and then qualitatively predicted the di-electron production for those energies. The following results for STAR BES energies are all for Au+Au minimum bias collisions. The N/ used for normalization are calculated from AMPT model [13] , shown in Figure 2 left panel. We scale the N/ of the mesons in Au+Au 200 GeV collisions to experiment results [4, 5] . There are some deviations from data at lower energies [14, 15] , which only affects the overall normalization of the di-electron mass spectra. The N/ of heavy quark production cross sections are extrapolated to lower energies from a Next-toleading-order calculation [16] . In lower energies (below 62 GeV), the effect of relative large baryon chemical potential µ B can not be neglected, which changes in-medium ρ meson production due to interactions with baryons. But it does not affect IMR significantly, since the calculation with finite µ B implemented shows that the mass distribution shifts to lower mass compared to the calculation without including finite µ . The contribution of in-medium ρ in IMR is negligible. The thermal di-lepton productions are given by varying the initial energy density ( 0 ), temperature (T 0 ) and equilibrium time ( 0 ) in the hydrodynamic model, which are listed in Table 1 . The initial parameters are tuned to produce pion, kaon, proton transverse momentum distributions comparable with experimental data 1 [9, 14, 15] . We also listed the finite µ B used in our calculation from the parametrization in Ref. [17] . The cocktail results, given in Figure 2 right panel, show a strong energy dependence. The mass spectra for the lower energies are softer than at higher energies. 
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Effective temperature and 2
The T spectra have been obtained in each bin in the IMR. Exponential functions 6 were used to fit the T spectra to extract the effective temperature T . products (R-PS) and in the system with R-PS plus thermal di-lepton contributions, which are significantly larger than those in + collisions. At lower energies, the values of T in Au+Au collisions approaching + collisions. This may due to the small system and its short space-time evolution at low energy. Heavy flavor contributions are also small at lower energies due to the extremely low production cross sections. The slope parameter of the T as a function of can be extracted from a linear function fit. The slopes at lower energies are negative and reach zero in [12] . In + 200 GeV collisions, the PYTHIA calculation reproduces STAR data [12] . The thermal di-lepton calculation in Au+Au 19.6 GeV collisions is also consistent with the NA60 data (∼ 17 GeV) after subtracting the charm and Drell-Yan contributions [18] . The di-electron 2 from hydrodynamic model calculations with different Equation-of-State (EOS) [19] are shown in Figure 4 right panel. Similar calculations with hydrodynamic model can be found in Ref. [20, 21] . The 2 from hadron gas (HG) shows much larger value than that from QGP phase. As an example, assuming cross over transition is expected to happen at RHIC top energy, most of the contributions are from HG phase in LMR and QGP phase dominates in IMR, as shown by MIX-EOS. We include di-lepton 2 from correlated charm contribution in IMR for further more comfortable comparison with experiments, since in this mass region, charm correlation is a dominant source and very difficult to subtract experimentally. The electron pair retains strong angular correlations from correlated open charm decay [22] . From the 2 measurement of heavy flavor decay electrons [23] , we sample the phi distributions of the electrons from correlated charm decays in PYTHIA simulation, then we calculate the 2 of + − as a function of , shown as the dotted curve. Incorporating the contribution of correlated charm decays, the total di-electron 2 is shown as the solid curve. The 2 values in IMR is still much lower than those from hadronic phase in LMR. This is much easier to be measured by experiments rather than measuring thermal di-lepton 2 only and is crucial for understanding partonic/hadronic phase in the heavy-ion collisions. Here we did not include 2 of di-electrons from freeze-out meson decays, which contributes in LMR with higher values.
Summary
The cocktail simulations reproduce the STAR minimum bias and central data in Au+Au 200 GeV collisions. The enhanced production yield in LMR may be explained by in-medium modification of vector mesons plus a thermal contribution from QGP emission. The cocktail distributions are predicted for RHIC BES energies. The effective temperature of T spectra as a function of mass reproduces both STAR and NA60 data. A phase transition could happen if the effective temperature increases dramatically or the sign of its slope changes in a colliding energy scan. The di-electron 2 calculation incorporating correlated charm contributions shows much lower value compared with hadronic phase, which is crucial for understanding partonic/hadronic phase in the heavy-ion collisions.
